A ffecting more than 30 million people and killing 2 million annually, 1 HIV destabilizes economies, compromises development, and disproportionately incapacitates young, productive adults. 2 Combating and controlling the global HIV/AIDS epidemic is 1 of the 7 United Nations Millennium Development Goals and a top priority for governments worldwide. 3, 4 Specifically, the sixth Millennium Development Goal is to achieve universal access to HIV treatment (widely defined as access for at least 80% of eligible patients 5 ) by 2010 and to halt the spread of HIV by 2015.
The HIV epidemic is highly heterogeneous across countries and settings in terms of prevalence, incidence, and transmission patterns. Currently, 95% of infections occur in developing countries, 2 which face additional hurdles in epidemic management due to lack of resources, poorly developed infrastructure, and sometimes unstable governance. SubSaharan Africa accounts for 67% of people living with HIV and 75% of AIDS-related deaths. 1 The highest HIV prevalence in the world is registered in countries such as Swaziland (26% of adults), Botswana (24.1% of adults), and South Africa (18.8% of adults). 1, 6 However, HIV incidence is highest in Recently, considerable progress has been achieved in expanding access to treatment and increasing funding for HIV/AIDS programs. 8 A 6-fold increase in financing for HIV treatment in low-and middleincome countries in the past 6 years has led to a 10-fold increase in the number of people receiving antiretroviral drugs, with almost 3 million people in treatment by the end of 2007. 1 However, in 2007, in low-and middle-income countries, an estimated 70% of eligible individuals still did not receive treatment. 1, 9 Prevention efforts have lagged behind treatment efforts in many parts of the world, even though prevention is considered essential for reversing the epidemic. 1, 10 A recent estimate suggests that for every 2 patients who initiated antiretroviral therapy in 2007, 5 more acquired HIV infection. 11 In addition, it has been estimated that fewer than 10% of individuals at risk in 2007 were reached by key prevention interventions. 2, 11 Many potentially effective prevention programs (e.g., condom promotion, harm reduction, education) have not been targeted or scaled up sufficiently to reach the desired number of individuals. 12, 13 In some cases, funds have been allocated to largely ineffective approaches such as ABC programs (Abstinence, Be faithful, Condom use). 12, 14, 15 In addition, prevention and treatment efforts need to be sustained by appropriate investments in health care infrastructure, development of human resources, multisectoral programs addressing education and stigma, and management structures that will support the HIV programs in the long term. 5 Funds for HIV prevention and treatment fall far short of estimated need, 16 even in developed countries. 17, 18 In developing countries, the bulk of funding for HIV prevention and treatment has come from international donations and sponsor contributionsfunding sources that may be jeopardized by the current economic downturn. 5, 7 It is estimated that treatment programs will be affected by changes in available funding in 33% of countries, affecting 61% of people undergoing treatment. 19 With scarce funding and much progress remaining to be achieved in both treatment and prevention, efficient resource use is critical. No country has found an ideal solution yet, but relative successes in countries such as Thailand and Uganda have demonstrated that a consistent effort that includes a variety of interventions and sustained funding can achieve significant results.
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In addition to the goal of improving health, many political and social considerations affect decisions about investment in HIV prevention and treatment. 13, 21 Without adequate scientific data to support their adoption, some effective interventions, particularly those targeting most-at-risk populations (IDUs, CSWs, MSM), may be difficult to include in the HIV agenda, even if they are highly cost-effective or even cost saving. For example, long-standing debates have occurred over the acceptability of opiate substitution therapy and needle exchange for IDUs, 22, 23 as well as condom promotion programs, [24] [25] [26] despite their proven effectiveness in reducing risky behavior. Ethical, cultural, and equity concerns are also important. For example, although the most effective use of funds may direct resources toward a single population group, in practice it may not be acceptable to neglect the rest of the population due to ethical and equity concerns. Significant scale up of global HIV prevention and treatment efforts is needed if the sixth Millennium Development Goal is to be achieved. However, determining the optimal investment in HIV prevention and treatment programs for any particular region is challenging. The heterogeneity of the epidemic across different regions means that different intervention packages with varying levels of investment will be most effective in different settings. 13, 14, 27, 28 Moreover, different regions have different sets of accepted and available interventions and different levels of HIV funding; the effectiveness of interventions in any given setting may be uncertain, and the HIV epidemic is dynamic and nonlinear. How, then, can decision makers determine the best allocation of scarce HIV prevention and treatment resources for their setting?
Despite the broad body of research estimating the cost-effectiveness of various single HIV/AIDS interventions, decision makers often have little guidance as to which interventions or sets of interventions will yield optimal results in their particular settings. Because resources are limited and cannot be expanded indefinitely, it is essential to use them in a way that maximizes health outcomes (in measures of epidemic control such as HIV infections averted, quality-adjusted life-years [QALYs] saved, etc.). Research allocation theory-defined as the methodology for allocating resources to optimize a goal (in this case, health benefits), subject to budgetary and other types of constraints 29 -effectively addresses this question. Much work has been done on the theoretical problem of resource allocation for controlling HIV, but little work has been done to translate the results of such work into practical tools for decision makers. Lasry and others 30, 31 describe a number of difficulties encountered in implementing academic models of HIV resource allocation for practical purposes, including model complexity and data requirements; the presence of multiple stakeholders; political, social, and ethical considerations; and funding limitations and historical funding patterns.
In this article, we describe what is needed to bridge the gap between HIV resource allocation theory and practice and thus support efficient and effective scale up of HIV prevention and treatment efforts. We do not comment on the normative implications of the diversity of practices across the world but acknowledge it as requirement for a practical model design. The next section provides a brief overview of modeling approaches in the resource allocation literature, and the third section discusses the limitations of these models. The fourth section describes HIV resource allocation in practice. The fifth section addresses the gap between theory and practice: We describe characteristics needed in a model that can effectively support planners in decision making about HIV prevention and treatment scale up. We conclude in the final section.
rESOUrCE ALLOCATION LITErATUrE
Allocating resources for epidemic control has been a topic of interest in academic studies since the 1920s.
32, 33 A variety of modeling approaches have been developed, ranging from simple linear projections, 34 to dynamic compartmental models based on systems of differential equations, 35, 36 to complex optimal control models [37] [38] [39] [40] solved via simulation 41 and numerical techniques. 42 Such models have been applied to a variety of epidemics, including tuberculosis, 43 influenza, 44 gonorrhea, 45 and, more recently, HIV/AIDS.
In this section, we describe key modeling approaches that have been used to address the HIV resource allocation problem, ranging from simple, deterministic linear projections to highly complex stochastic simulation models. Our goal is not to provide an exhaustive review of the literature; rather, we describe 3 broad categories of models (linear, dynamic, and simulation models) and present illustrative examples of each (Table 1) . Comprehensive reviews of resource allocation models for epidemic control can be found elsewhere. 46, 47 Existing resource allocation models vary in their approach to incorporating the evolution of the epidemic, with some models assuming linear growth and others including nonlinear epidemic effects. Some models allow for a nonlinear relationship between funds invested in a program and its direct effects (e.g., the relationship between intensity of an educational program and the resulting level of change in risky behavior). For many programs, this relationship may not be linear.
34,48-52 Some models incorporate stochastic effects (e.g., variability in individual response to treatment), whereas others use only deterministic values (e.g., average rates of disease progression). Advantages and disadvantages of different types of models of infectious disease evolution and control are described elsewhere. 46, 47, 53, 54 
Linear Models
A simple approach to the resource allocation problem uses linear modeling. As part of an Institute of Medicine report addressing HIV prevention in the United States, 55 Kaplan and others developed a linear resource allocation model that aims to maximize the number of infections averted by distributing resources between interventions directed to highrisk populations in proportion to HIV incidence in the target group and cost-effectiveness of the intervention. This simple model assumes linear evolution of the epidemic (i.e., a time horizon short enough so that an assumption of linear epidemic growth is approximately correct) and linear scale up of intervention costs and effects.
To account for variations in intervention effectiveness as a function of level of funding, Kaplan 34 employed the concept of "production functions" that link level of investment to level of behavior change and described how they could be used to determine the allocation of resources between multiple highrisk populations that maximizes the number of HIV infections averted. The resulting resource allocation model is equivalent to a knapsack problem (maximizing value obtained from investing in a set of programs, each of which has a cost and a value, while not exceeding a budget constraint) that can be solved via well-known techniques. 56 Kaplan and Pollack 57 determined the production functions implicit in typical resource allocation heuristics employed by local HIV Prevention Community Planning Groups in the United States and showed that the use of such heuristics does not maximize infections averted.
Dynamic Epidemic Models
A more sophisticated type of resource allocation model captures epidemic effects, specifically, nonlinearity of epidemic growth and changes in epidemic evolution caused by interventions.
Kahn 58 introduced a simple HIV epidemic model that projects the evolution of the disease in various 59 analyzed the cost-effectiveness of various interventions initiated at different times in the epidemic life cycle using a dynamic compartmental model. The model considers a homogeneous population of susceptible and infected MSM who transmit HIV via sexual contact. The epidemic dynamics are controlled by differential equations modeling the rates of entry, exit, and infection acquisition, based on HIV prevalence and size of each population group. The model compares the effects of targeted (toward susceptible or infected individuals) or general HIV interventions, if initiated at various times in the epidemic cycle. The analysis showed that for early-stage epidemics, the most cost-effective programs are those that focus on identifying the small number of highly infectious people. Conversely, for mature epidemics, efforts are most cost-effective if directed toward the small pool of remaining susceptible individuals.
Richter and others 42 used a more sophisticated dynamic epidemic model integrated with production functions that model the relationship between level of investment in an intervention and its effects on risky behavior. They considered susceptible and infected individuals in 2 independent (no crossinfections), homogeneous populations of IDUs and non-IDUs. The model quantified the effects of multiple interventions in terms of infections averted, as a function of investment, and accounted for variability of intervention effectiveness depending on HIV prevalence. The authors numerically determined the optimal investment in each population group and intervention over a 5-year horizon, subject to a fixed budget.
Zaric and Brandeau 60 developed a resource allocation model based on a general compartmental epidemic model with a susceptible infected framework. 61 The model can include any number of populations based on risk levels, and HIV can be transmitted across the different populations and compartments. The model can be parameterized with data observed in practice. HIV interventions modify 1 or more of the parameters, thus curbing the evolution of the epidemic in the affected populations. The model includes production functions that relate investment in an intervention to changes in epidemic parameters (e.g., level of risky contacts or transition rates from high-risk to low-risk groups). Deriving an analytical solution to the model is difficult or impossible even for simple model assumptions, so the authors presented heuristics for solving the resource allocation problem. They verified the robustness of the proposed methodology with numerical examples.
Simulation Models
More complex approaches involving simulation have been used to compare different sets of HIV interventions. For example, Bernstein and others 62 used a combination of deterministic and stochastic epidemic models to evaluate the effects of several HIV prevention programs in a severely affected East African city. The analysis showed which interventions were most effective in reducing the spread of HIV and demonstrated that packages of interventions were more effective than single interventions.
Robinson and others 63 used a complex model including both deterministic and stochastic elements to analyze the impact of alternative HIV prevention strategies in rural Uganda. The model captured the transmission and progression of HIV and 2 other sexually transmitted diseases (STDs), demographic characteristics of the population (fertility, mortality, migration), and diverse sexual behaviors of individuals (one-time, short-term, and long-term partnerships).
Hogan and others 28 used a detailed epidemic model to simulate the effectiveness and cost-effectiveness of different combinations and levels of prevention and treatment programs in Sub-Saharan Africa and Southeast Asia. Reflecting transmission patterns in these regions, the model considered interacting populations of CSWs and single and married men and women. To accurately reflect all risk factors, the authors included the effects and transmission of other STDs. The analysis did not explicitly consider the allocation of a fixed budget but is one of the few studies to examine the effects of different combinations of HIV prevention and treatment programs and the effects of different levels of scale up.
LIMITATIONS OF ACADEMIC rESOUrCE ALLOCATION STUDIES
Despite the range of published models for HIV resource allocation, a number of important practical issues have not been fully addressed.
Existing resource allocation studies often compare 2 or more interventions in 1 specific population or risk group in a small setting. It is often unclear how transferable these results are between different settings (e.g., low-income compared with highincome countries) and how the results would change at the country level. [64] [65] [66] Moreover, few studies look at how the effects (e.g., HIV infections averted) of joint interventions differ from simply superimposing 2 or more single interventions. Depending on which interventions are chosen, the overlap can have significant effects because it may decrease or increase total costs or total benefits due to synergies or nonadditive results. 64 For example, the total health effect of a program that reduces risky behavior combined with a program that expands HIV treatment will be less than the sum of the 2 programs' separate health effects: This is because the same HIV infection cannot be prevented twice.
Only a limited number of studies have analyzed the impact of decreasing/increasing returns to scale for specific interventions or sets of interventions, although it has been shown to be an important phenomenon.
34,48-52 Most times, a linear relationship between funds or efforts invested and outcomes is assumed, which may distort projected results when scaling up programs. 65, 66 Brandeau and others 67 analyzed prevention interventions for MSM and IDU populations representative of California and showed that suboptimal decisions may be made without sufficient information about prevention program production functions: Without any knowledge of production functions, 83% of the budget would be allocated to MSMs and the rest to IDUs, whereas with complete knowledge, 100% of the budget would be allocated to IDUs, averting 7 times as many infections. The authors also demonstrated that linear approximations are particularly inappropriate in limited-resource situations.
Most existing models consider the allocation of resources between HIV prevention programs but do not consider the simultaneous allocation of resources to HIV treatment programs. This is a major gap in the resource allocation literature. Treatment has a variety of effects on the epidemic, including extended life span and reduced infectivity of treated individuals (and thus reduced HIV transmission). [68] [69] [70] [71] [72] Consideration of these effects along with prevention program effects provides a more accurate estimate of the effects of HIV program scale up and allows the decision maker to gain insight into the appropriate balance of prevention and treatment in a particular setting. Recent work by Cleary and others 73 included budget limitations in an analysis of HIV treatment scale up in South Africa but focused only on treatment and did not consider prevention interventions.
In most HIV resource allocation models, the impact of interventions on the overall health care system, in terms of resources needed (human, capital, infrastructure), is rarely considered. 74, 75 However, continuing progress in HIV control requires the expansion of structural interventions that strengthen health care systems (e.g., an increase in the capacity of rural health clinics to dispense medications) as well as combined approaches that include both behavioral and structural interventions. 13, 76 Finally, academic attempts to create accurate models have yielded theoretical insights but have often yielded complex models that are not userfriendly and cannot be easily adopted by decision makers, who typically are not trained in epidemic modeling, simulation, and optimization. Often, in the interest of simulating the epidemic as closely as possible, the models require a significant number of parameters as inputs, many of which are unknown or difficult to estimate in practice.
A few caveats apply to the gaps we identified in the literature. Data may be unavailable to completely reflect the effects of scaling up and overlapping interventions or to elucidate the shapes of production functions. Even if some interventions are more cost-effective than others, ethical and equity concerns may require at least a minimal level of investment in the less cost-effective options. However, a resource allocation model can be designed to address these issues by incorporating the evidence that does exist, by providing options to model multiple reasonable scenarios, and by including user-defined constraints that will ensure equity is respected.
rESOUrCE ALLOCATION IN PrACTICE
The gap between models developed for academic purposes and models that can be used by decision makers is significant. Although many interventions have been shown to be cost-effective, decision makers, who face budget constraints and other practical considerations, do not have good tools to choose sets of interventions that will yield optimal results for their specific settings (demographics, epidemic characteristics, economic context, etc.) and financing levels. 77, 78 The Joint United Nations Programme on HIV/AIDS (UNAIDS) provides guidelines for planners who want to intensify HIV prevention efforts. 79 In these guidelines, epidemics are classified as low level, concentrated, generalized, or hyperendemic, depending on total prevalence and prevalence in key risk groups. Decision makers are advised to "know their epidemic and their current response," "match and prioritize their response," "set ambitious, realistic and measurable prevention targets," "tailor prevention plans," and "utilize and analyze strategic information." 79 However, these guidelines are insufficient: Although they provide a useful framework for decision makers to analyze their epidemic, they do not fully reflect the complexity present in real-world settings and do not provide specific guidance about which sets of interventions are optimal for each setting. 27, 80 When guidance is insufficient, decision makers often rely on political interests, personal values, historical patterns, and their own professional experience to allocate resources. 27, 34, 55, 81, 82 Although such heuristics can be useful for decision making, they can lead to inconsistencies across time and settings and to resource allocations that do not maximize health benefit. Ruiz and others 55 noted a lack of consistency in the allocation of federal HIV funds across the United States. Typical prevention funding decisions were made based on proportionality to reported AIDS cases. However, this strategy was found to be inadequate for the distribution of prevention resources because it reflects the past condition of the epidemic and rewards states that are ineffectively managing their resources. 82 A review of allocation decisions made by HIV Prevention Community Planning Groups (CPGs) in the United States, which are local community planning groups that identify and prioritize unmet HIV prevention needs and interventions to address them, 83 showed that the decision-making process, although a laudable effort, was plagued by insufficient epidemiological information, imperfect correlation between available data and decision outcomes, and lack of consistency across CPGs in the methodology for making decisions. 81 Many CPGs relied on consensus decision making based on their members' personal expertise and agenda (which can vary based on membership and location) or assigned numerical weights across interventions to facilitate the prioritization process (see Kerr and Tindale 84 for an overview of research on group decision making). Although some CPGs considered the effectiveness of interventions in their decisions, not all of them took into account target population groups. Unfortunately, typical heuristics employed in practice for allocating resources (such as allocating funds in proportion to HIV incidence or reported AIDS cases) are likely to yield suboptimal results. 55, 85 This highlights the heavy burden CPGs face when making resource allocation decisions and the tradeoff between local insights and a standardized optimal decision process.
Some of the tools available for decision makers, such as the UNAIDS Estimation and Projection Package and the Spectrum set of tools are meant only to provide projections of prevalence, incidence, AIDS deaths, treatment needs, and numbers of orphans, based on surveillance data and measured epidemic patterns. 86 However, these tools do not model epidemic dynamics, do not specifically include a range of prevention interventions, and are not intended to provide insights into economic costs and benefits of interventions.
Some researchers have developed simple models to address investment in a single type of HIV prevention. For example, the AVERT model (http:// www.fhi.org/en/hivaids/pub/guide/avert.htm) is a spreadsheet-based model that estimates the number of HIV infections averted by interventions that aim to reduce sexual transmission of HIV. 87 Another spreadsheet-based model (http://www.futuresinsti tute.org/pages/MaleCircumcision.aspx) estimates cost and impact (number of HIV infections averted, change in HIV incidence and prevalence) for different levels of scale up of male circumcision services and for different target populations. 88 The HIV Prevention Funding Allocation Model (http://www.cdc.gov/hiv/topics/prev_prog/ce/resources .htm), designed for use by CPGs in the United States, determines the investment in each priority population group and intervention that maximizes the weighted number of HIV infections averted over a 5-year horizon, subject to budget, equity, and other constraints. 89, 90 The model quantifies the effects of multiple interventions in terms of infections averted, as a function of investment, and accounts for variability of intervention effectiveness as a function of HIV prevalence. The model allows decision makers to change constraints so as to determine the tradeoffs between different allocations of prevention funds.
At the global level, aside from decentralized country-level efforts, the most notable comprehensive model currently available to decision makers is the GOALS Model (http://www.policyproject.com/soft ware.cfm?page=Software&ID=GOALS). The model, designed in Microsoft Excel, has a user-friendly interface and allows decision makers to compare the cost and epidemic impact (HIV prevalence, incidence, and infections averted) of various budget allocations between prevention, care, and mitigation. 91 Users input values for multiple parameters describing their local situation. When accurate parameter values are unavailable, the model defaults to a series of standard values. The model uses a simple epidemiological projection based on the size of the susceptible and infected populations and the probability of transmission between them (calculated based on risk profiles). 92 The GOALS model represents a notable attempt to create a practical tool for decision makers, has gained widespread use in practice, and has had a significant impact on policy making. However, the model has several limitations. Decreasing/increasing returns to scale of investment are not considered in the model, nor is the impact of combinations of interventions versus single interventions. The model does not capture uncertainty about parameters, which can be problematic if the country's epidemic has characteristics that are very different from the case considered in the default parameters (e.g., importance of different risk groups or transmission modes). In addition, the GOALS model does not optimize health outcomes (e.g., HIV infections averted or QALYs gained) given the available level of resources. Instead, users must try various budget allocations between interventions and then compare results, a process that may not lead to the best use of scarce resources.
Of course, even with appropriate planning tools, the success of HIV programs still depends on appropriate targeting and effective implementation. However, better planning is the essential first step toward better HIV control programs.
TOWArD A PrACTICAL rESOUrCE ALLOCATION MODEL
As we have highlighted, few comprehensive practical tools exist to inform decisions about HIV prevention and treatment scale up. This section presents our recommendations for key features needed in an HIV/AIDS resource allocation model for use by decision makers, identified based on the gaps identified above, previous evaluation of the research on resource allocation for epidemic control, 46 ad hoc and informal discussions with planners and decision makers, and other studies of practical public health planning tools. 93 These characteristics are grouped into 3 broad categories: input flexibility, technical capability, and usability. No one class of models addresses all categories adequately by default, but any of the more complex types of models described above could be developed to incorporate these features.
The intended end-user of a model with these features is the decision maker in charge of countrylevel HIV planning (such as a ministry of health or a national HIV response program), but the customization embedded in the model would make it suitable for other levels of planning (regional, local, or nongovernmental organization-based plans). In practice, multiple entities may be in charge of various parts of the HIV programs, and interventions may have different streams of funding. However, most countries have a coordinated national strategy 1 to which all these entities aim to adhere, so such a model could be used at upper and lower decisionmaking levels.
Input Flexibility
A useful model will be applicable in a variety of geographical and epidemic settings and will allow for the potential gaps in data that happen in practice.
Capability for parameter customization. Because the HIV epidemic is highly heterogeneous across the world, decision makers must be able to customize model parameters based on local conditions (key demographics, risk groups, epidemic characteristics and transmission modes, economic and political constraints, etc.). The model must also be designed to use epidemiological and behavior information that is collected in practice, so that decision makers are not forced to estimate parameters that are otherwise unavailable. For simplicity, model parameters should be restricted to key epidemic drivers, so as to avoid wasting time and effort in refining values for parameters that have limited impact on the final decision.
Incorporation of uncertainty.
Even with a welldeveloped monitoring and surveillance system, there is still a high degree of uncertainty regarding relevant epidemic and behavioral parameters in a region. To partially alleviate these uncertainties, a useful model will incorporate suggestions for typical parameter values found in similar settings. Using a deterministic approach rather than a stochastic approach reduces complexity, but to estimate the impact of uncertainty on model results, sensitivity analysis reports should be made available for informing decision makers about the variability of the recommendations when uncertain parameters vary within reasonable limits.
Technical Capability
An accurate model for resource allocation will incorporate several key technical features.
Epidemic effects. For very short-term planning (e.g., 1 year or less), epidemic effects may not be important. However, for most HIV planning decisions, a longer time horizon must be considered. Thus, a useful resource allocation model must include nonlinearity of epidemic evolution, and the effects of interventions on the parameters driving the epidemic.
Production functions. Consideration of how intervention effectiveness depends on the target population and the level of scale up is an essential part of a practical resource allocation model. A production function can capture the estimated efficacy of the recommended interventions in the given settings, adjusted according to decision maker input. Production functions allow for nonlinearity of intervention effectiveness (e.g., level of behavior change or number of people reached by an intervention) as a function of investment. For example, as people whose behavior is easier to change are reached, it may become increasingly costly to continue expanding coverage. However, it may be critical to reach those people because they engage in risky behaviors the most. Brandeau and others 67 showed that production functions for HIV interventions can be estimated based on a few simple data points.
Effects of combined interventions.
A useful model will accurately capture benefit and cost differentials for packages of interventions versus single interventions. For example, there may be synergies in costs if a substitution therapy program for IDUs can be coupled with counseling sessions to improve adherence to HIV treatment. There may also be dependencies in benefits when multiple interventions are implemented. For example, both expanded treatment of HIV-infected patients and scaled-up risk-reduction programs may reduce the risk of HIV transmission to uninfected individuals, but the combined programs will likely avert fewer infections than the single programs would if implemented alone (because the same infection cannot be prevented twice).
Incorporation of key constraints. Because of limitations on funding, as well as political, social, legal, and ethical considerations, not all potential allocations of funding are desirable or feasible in every setting. In addition to the goal of maximizing HIV infections averted, decision makers may be concerned with achieving equity among population groups, ensuring a minimum level of treatment access in each population group, or adhering in some way to historical funding allocations. 81, 90 A practical model will allow the decision maker to input not only the total budget constraint but also any other relevant constraints on allowable allocations of funds.
Optimization capability.
A useful model will recommend optimal or near-optimal sets of interventions, based on epidemic characteristics, local realities, and budgetary and other constraints. Optimization finds the resource allocations that maximize health outcomes using mathematical algorithms instead of empirical data, historical patterns, and decision maker experience. Using modeled communities representative of New York and Los Angeles, Zaric and Brandeau 85 showed that typical (nonoptimized) resource allocations (based on prevalence, equity, etc.) differ significantly from those recommended by optimization. The optimized allocation yielded health benefits that are up to 25% to 50% higher than those obtained based on typical heuristics used in practice: For example, in a high-prevalence community, the model recommended allocating approximately two-thirds of the budget to a needle exchange program and one-third of the budget to a condom availability program targeted to IDUs, whereas splits based on heuristics would have allocated a higher proportion of the budget to the general population. The authors showed that optimal choices are not easily identified by inspection and usually involve sets of interventions, so that even experienced decision makers would be challenged to determine the optimal resource allocation without an optimization model.
Estimation of overall health and economic impact.
A useful model will estimate the impact of HIV interventions on the health care system and the resulting resource needs. This allows decision makers to identify key resource gaps (funding, infrastructure, personnel, etc.) and provide important information needed for long-term planning. Also, if the model demonstrates that small budget increases could potentially have large benefits at the health system scale, this information may help prioritize HIV expenditures.
Usability
The third critical dimension of a practical model is usability.
User-friendly design and structure. A practical model will be easy for decision makers to use and understand. Hence, it must include clear explanations for all relevant model elements, especially those requiring the user to input data or adjust parameters. The model's structure must be easy to follow: The sequence of steps involved in the model's computation should be logical and transparent. The parts that should not be modified by the users should be clearly labeled, to avoid accidental changes that will affect the model in unwanted ways. However, making the entire structure opaque to the user and providing just the final results is undesirable because this may limit adoption and create distrust. Ensuring that decision makers understand how the model works provides them with strong arguments to support the proposed allocations.
Accessibility. Accessibility to decision makers in all settings is an essential requirement for a model that can be widely adopted in practice. Thus, a practical planning model must be made publicly available (for example, via the World Wide Web) and must be easy to adopt by end users. This means that the software package required to run the model must be readily available and easy to use. Spreadsheet models are ideal for such a purpose, but other types of models may work well, too. Simple planning models have been developed and made publicly available for a variety of public health planning purposes such as pandemic influenza planning 94, 95 and design of mass prophylaxis, vaccination, and dispensing centers.
96,97 A similar effort for HIV resource allocation could provide enormous benefits.
Calibration and validation tools. The model design should include features that allow for easy verification of key model parameters and outputs using independent sources (e.g., the size of key risk populations and HIV incidence and prevalence in each, etc.). Providing credible and verifiable insights to decision makers helps to increase trust in such a model and thus increase adoption.
CONCLUSION
The global HIV epidemic continues to grow, and much remains to be accomplished to reach the Millennium Development Goal of achieving universal access to HIV treatment for all those who need it by 2010 and halting the spread of HIV by 2015. These ambitious goals require a significant scale up of global HIV prevention and treatment efforts, but little guidance exists to help decision makers make the best use of limited HIV prevention and treatment resources. Ongoing efforts are under way to better understand the HIV epidemic and response to the epidemic in different regions of the world 98 ; the challenge now is to use that information to improve the response to HIV in each country. We have identified the key limitations of the resource allocation literature and the progress still needed to translate such concepts into practical tools. Resource allocation theory has made and can continue to make a significant contribution to decision making about HIV prevention and treatment scale up. What remains now is to develop more models that can bridge the gap between theory and practice.
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